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Abstract. We are constructing the broadband SED catalog of the MOJAVE sample from the radio to the 7-ray band 
using MOJAVE, Swift UVOT/XRT/BAT, and Fermi /L AT data, in order to understand the emission mechanism 
of extragalactic outflows and to investigate the site of high-energy emission in AGN. Since the launch of Fermi 
7-ray Space Telescope in August 2008, two thirds of the MOJAVE sources have been detected by Fermi /L AT. 
Combining the results of high-resolution VLBI, X-ray, and 7-ray observations of the jet-dominated AGN sample, 
we want to pin down the origin of high-energy emission in relativistic jets. Here we present our overall project and 
preliminary results for 6 selected sources. 



1. Introduction 



Blazars are extremely powerful objects which only repre- 
sent a small subset of active galactic nuclei (AGN), yet 
they dominate the extragalactic radio and high-energy 
sky. Blazars are those AGN whose jet is pointing towards 
us, which results in strong Doppler-boosting of the emit- 
ted radiation. The small viewing angle is also responsi- 
ble for the superluminal jet motions observed in their 
jets. Since August 2008, the Fermi Large Area Telescope 
(LAT) is performing a continuous all-sky survey in 7-rays. 
After one year of operation, Fer mi /LAT ha s detected 709 
AGNs, of which 85% are blazars (|Abdo et al...2010h ). The 
Monitoring Of Jets in Active galactic nuclei with VLBA 
Experiments (MOJAVE) program has monitored a radio- 
selected sample of 135 AGNs since the mid-1990s (J2000.0 
declination < -20°; galactic latitude |6| <2.5°; 15 GHz 
VLBA flux density < 1. 5 Jy), and most of the MOJAVE 
sources are blazars due to the selection criteria (see de- 
tails in Lister et al. l l2009cJ: lListeijl2010l) . In the one- year 
AGN catalog of Fermi , two- thirds of the MOJAVE sources 
are detected (jBoeck 2010h . Based on theoretical mod- 
els, it is suggested that the 7-r ay and radio emission 
in bl a zars are closely co n nected i Dermer fc Schlickeiser^ 



I993I: ISikora et al] Il994l) . lDermeiL&. Schlickeiser (1994) 



proposed that the 7-ray emission from highly-beamed rel- 
ativistic AGN outflows originates near the base of the jet. 
The high-resolution capability of very-long-baseline inter- 
ferometry (VLBI) enables us to pin down the structure of 
extragalactic outflows up to the scale of sub-parsecs, and 
to trace component ejections and evolution along jets. 



To understand the physical mechanisms ongoing in 
blazar jets, one of the best approaches is to study the 
broadband spectral energy distribution (SED). By using 
the multi-frequency data and investigating the correla- 
tions, one can apply theoretical models to the broadband 
emission to constrain further the parameters in the local 
frame of AGN jets. 

2. The SED catalog of MOJAVE sources 

We want to investigate the broadband SED prop- 
erties of the complete radio-selected MOJAVE sam- 
ple. All of t he MOJAVE sources are X-ray emitters 
(jKadleii 120051 ) . and recent results also show that the 
7-ray brigh tness of AGN is co r related with VLBI jet 
properties ('Kovalev et al.' '2009': 'Pushkarev et all 120091 : 
S avola inen^t _al , 20.1Q.; ,MsMLJ3t_.aL, ,20Q9_c; Oiha et al. 



20101). A Swift fill-in survey has been conducted since 
2007 for the MOJAVE sample (P.I.: M. Kadler), provid- 
ing optical, UV, and X-ray observations. As bright, well- 
studied radio sources, the MOJAVE sources have very 
good flux-density sampling in the radio band. Combining 
the Fermi /Ij AT results, we are constructing the broad- 
band SED catalog from the radio to the 7-ray band of the 
135 MOJAVE sources of the statistical complete sample. 
Our goal is to study their characteristics, and to deter- 
mine the correlations of the emission properties between 
different bands. In the MOJAVE sample, there are 101 
flat-spectrum radio quasars, 22 BLLac objects, 8 radio 
galaxies, and 4 unidentified AGNs. In the following sec- 
tions, the broadband SED data acquisition will be in- 
troduced. We will show preliminary results of 6 selected 
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Table 1. Multi- wavelength facilities from the radio to the 
7-ray bands that are used to construct the MOJAVE SED 
catalog. 



Facility 


Band 


Frequency (Hz) 


VLBA'' 


Radio 


1.5x101° 


UMRAO 


Radio 


(4.8, 8, 14.5)xl0'' 


Effelsberg'' 


Radio 


(2.6,4.9,8.4,10.5, 14.6,23,32) x 10^ 


IRAM'' 


Millimeter 


(8.6,14.2,22.8) xlO^" 


Sm/t/UVOT 


UV-Optical 


(5.5,6.9,8.6,11.3,13.4, 14.8) xlO^* 


Swift /XRT 


X-ray 


(7.25-242) xlQie 


Swift /BAT 


X-ray 


(3.6-36) X 1018 


Fermi /LAT 


7-ray 


4.8x1021 to > 7.3 X 1024 



MOJAVE program. 
^ F-GAMMA project. 



sources which have good broadband SED data coverage. 
All sources are in the Fermi first-year catalog, and were 
not included in the SED study of Fermi LBAS sample 
( Abdo et al. 2010a[) . We will discuss the preliminary re- 



sults. 



3. Data acquisition and analysis 

Here we introduce the instruments and characteristics 
of the data included in the MOJAVE SED catalog. In 
the 7-ray band, we included the result of the 11-month 
Fermi /LAT catalog (lAbdo et al.ll2010bl ). We used the X- 
ray telescope (XRT) and burst alert telescope (BAT) on- 
board Swift to cover the X-ray band, and we used the Swift 
UV-optical telescope (UVOT) for UV and optical band 
data. For each of the MOJAVE sources, we reduced one 
epoch of Swift XRT/UVOT data observed after August 
2008 with the longest XRT integration time. Many of the 
MOJAVE sources are weak in X-rays, and typically we 
used epochs with XRT integration time around 5-10 ksec. 
For the sources with no recent data, we submitted Swift 
Target-of-Opportunity (ToO) observing requests. As of 
May 2010, only 5% of the MOJAVE sources have no Swift 
data after August 2008, and are waiting observation. Table 
[5] summarizes our results of Swift /XST data analysis, to- 
gether with other relevant parameters of the 6 sources. 

The 26-meter radio telescope in the University of 
Michigan Radio Astronomy Observatory (UMRAO) has 
monitore d a large number of AGN for the past four 
decades ()Aller et al.lll985l l2003l ). including ah MOJAVE 
sources. Here we included the UMRAO data closest in 
time to the Swift observation used. We also included 
the Effelsberg 100 m telescope and the IRAM 30 m tele- 
scope observations in the framework of the Fermi-GST 
AGN Mult i -frequ e ncy Monitoring A UianceEl (F-GAMMA; 
Fuhrmann 2010l : Angelaki^ 2010l ). Also, we included 



the broadband historical data from the NASA/IPAC 



Extragalactic Database]! (NED). Table [T] lists the facili- 
ties and wavebands covered in our study. 



4. Results 

We selected 6 of the MOJAVE sources with good data 
coverage, and present the preliminary SED here (see 
Fig. [IJ. The presented sources are three flat-spectrum- 
radio quasars, two BL Lac objects, and one radio galaxy 
(see Table [5]). All of them are in the Fermi first-year cat- 
alog, but were not inclu ded in the broadba nd SED study 
of Fermi LBAS sample (jAbdo et al.ll2010al) . 

The SEDs of the 6 MOJAVE sources show a clas- 



sical double-peak blazar shape ([Dermer fc Schlickeiser 
19931 ) ■ Current models suggest that the major part of 
emission from blazars are non-thermal, and the low- 
energy peak (10^ — 10^^ Hz in Fig. [IJ is due to syn- 
chrotron emission from the radio jet, and the high- 
energy peak (10^^ — 10^^ Hz in Fig. [T]) can be inter- 
preted as inverse Compton emission of vario us radiation 
sourc e s, e.g., synchrotron self - Comp ton (SSC: ljo"nes et al 
1974i iGhisellini &: Maraschil 19891) and external radia 



tion Compton ([Sikora et al.l 1994^ Dermer fc Schlickeiser 
20021 ). The physical processes involved in the SED study 
are complex, and the fact that we cannot distinguish dif- 
ferent emission regions from a target source makes broad- 
band SED modeling challenging. For example, the SED 



study of 48 Fermi bright blazars ( Abdo et al. 2010al) 
shows that a homogeneous one-zone model with SSC 
mechanism cannot explain most of their results, and more 
complex models involving external Compton radiation or 
multiple SSC components are needed to model the blazar 
SEDs. In Fig. [l] we present the SED of the 6 sources in 
v-vYi, plots. We performed a mathematical polynomial 
fit of 2nd to 4th order to the two humps, providing nu- 
merical values of the peak positions of the synchrotron 
and inverse-Compton components. Also, the total energy 
output of the low- and high- energy humps could be esti- 
mated from the polynomial fit. From Fig. [U one can see 
that in each source, the total energy output of the low- and 
high- energy components differs. The high-energy hump of 
B0754-|~100 is significantly lower than the low-energy one, 
whereas the other sources have comparable height of the 
two humps. We discuss the 6 individual sources below. 

60300-^470 4C -1-47.08 is a BLLac object, which shows 
a compact asymmet ric morphology in VLBI observations 
( Lister et al. 2009a). It displays a one-sided halo at kilo- 
parsec scale. This source is variable on a mont hly timescale 
at centimeter wavelengths (jAUer et al.lll985l ) in total fiux 



and linear polariz ation, and the source is core-dominated 
(iNan et al.l 119991) . We analyzed one epoch of Swift ob- 



servations of this source obtained in September 2008 (ID 
00036235005) with an integration time of 7ks. 



1 The full F-GAMMA team, see 
http : //www. mpif r-bonn.mpg. de/div/vlbi/f gamma/teams .html 



http : //nedwww. ipac . caltech.edu/ 
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Table 2. Summary of our X-ray and the 7-ray measurements of lAbdo et al. I (l2010hh of the 6 sources in this study. 



lAU 


ILAC 


Source 


z 


/3app 


Fx 




ax 


a~/ 


Name 


IFGL 


type 




[10- 


■ ergcm" s ~ ] 


[10"" photon 
MeV-^cm-^s-l] 






(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


B0300+470* 


J0303.1+4711 


B 






7.38 


49.9±7.9 


1.38±0.41 


2.56±0.13 


B0415+379 


J0419.0+3811 


G 


0.049 


5.9±0.1 


454 


76.3±15.8 


1.73±0.01 


2.61±0.16 


B0754+100 


J0757.2+0956 


B 


0.266 


14.4±1.2 


29.8 


75.2±6.7 


1.81±0.08 


2.39±0.08 


B0836+710 


J0842.2+7054 


Q 


2.218 


25.4±1.0 


122 


366±32 


1.43±0.02 


2.98±0.12 


B1730-130 


J1733.0-1308 


Q 


0.902 


35.7±2.1 


12.1 


85.4±7.6 


1.98±0.33 


2.34±0.07 


B2209+236 


J2212. 1+2358 


Q 


1.125 


3.4±0.5 


4.80 


3.3± 0.7 


1.43±0.60 


2.13±0.19 



(4) Redshift; (5) The maximum apparent projected speed measured by the MOJAVE team (jLister et al."2009bl'l : (6) X-ray flux 
measured by Swift/XRT (0.2-10 keV); (7) 7-ray flux measured by Fermi/LAT using 11-month data (|Abdo et al1l2010bh : 
(8) X-ray photon index; (9) 7-ray photon index. 

* Luminosity distance unknown, measured maximum apparent speed 287±23 /las yr^^. 



B0415+379 3C111 is a well-studied broad-line radio 
galaxy which shows a classical Fanarof f and Riley Class 
Hmorphology on kiloparsec scales (jLinfield fc Perlev 
[iisi). It hosts a highly collimated one-sided jet emitting 
from the central c ore to the northeastern lobe (see e.g., 
Kadler et alll2008l) . 3C 111 is associated with the EGRET 



source 3EG J0416-h3650, and the broadband SED study of 
the historical data suggests that the SED profile is similar 
to E GRET flat spectrum radio quasars (|Hartman et al.l 
Here we analyzed Swift data observed in January 



2010 (obsid 00036367005) with an integration time of 9 ks. 

B0754+100 B0754-H100 is cataloged as a low- frequency 
peaked BLLac (LBL) bv iFiorucci et al.l (120041 ). By the 
blazar classification of lAbdo et al.l (|2010at ). B0754-H00 
is a low synchrotron peaked blazar {vpcak £ 10^'* Hz) 
based on our fitting result. VLA observations showed that 
there is a diffuse halo arou nd the core at 1.5 and 5 GHz 
up to scales of >12 kpc ( Antonucci fc UlvestadI 1985t 
Kollgaard et~aLlll992l ). Recently, B0754-H 00 was reported 



to be flaring in the near-infrared band (" Carrasco et al. 



2010( ). We requested Swift ToO request for this source, 



which was observed in February 2010 (obsid 00036195002) 
with an integration time of 9 ks. 

B0836+710 4C-f71.07 is a luminous quasar which hosts 
a radio jet extending up to kiloparsec sc ales. Broadband 



variability was observed in this source ( Otterbein et al 



ll998|), and spac e VLBI observations have revealed detailed 
jet st ructures (jLobanov et al iPerucho &: Lobanovl 

l2007l) . Here we included the Swift data of B0836-H710 ob- 
served in February 2009 with an integration time of 9 ks 
(obsid 00036376005). 

B1730-130 NRAO 530 is a high-polarized radio 
quasar which hosts a double-sided kilo-parsec scale 
j et. This source is activel y variable i n the radio 
(Marscher & BrodericW 'l98l'; 'Feng et al.' '2006"), opti- 
cal (|Pollock et al., ,1979, ). X-ray (Foschini et al, ,2006. ). 



and 7-ray ( Hartman et al. 1993) wavebands. We used the 
Swift data of NRAO 530 observed in June 2009 with an 
integration time of 5ks (obsid 00035387012). 

B2209+236 B2209+236 is a core-dominated flat- 
spectrum radio quasar. The radio turn-over frequ ency of 



this source is above 5 GHz ( Dallacasa et al. 2000l) . which 



indicates that the source is very compact and is possibly 
young. Here we used the Swift observation obtained in 
April 2009 with an integration time of 9ks in the SED 
study (obsid 00036359002). 



5. Outlook 

As of May 2010, we completed the data collection and 
construction of quasi-simultaneous SEDs during the time 
between August 2008 to July 2009. Almost all sources have 
nearly simultaneous observations from radio to X-ray with 
good data coverage. We are compiling the statistical prop- 
erties of the 135 sources (e.g., correlation study between 
VLBI properties. X-ray and 7-ray parameters, and broad- 
band SED characteristics), and the results will be pre- 
sented elsewhere (Chang et al., in preparation). Physical 
SED models will be applied to the whole sample, to shed 
light on the mechanisms of general AGN picture. 
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Fig. 1. The broadband spectral energy distribution of 6 
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shown as solid lines. 
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